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Abstract
The study presents a real life case of the human side of service engineering. The NICU of Hillel Yaffe Medical Center serves 
premature babies until they reach maturity and may return home and the community. The NICU has been approved to the 
International Quality Management Standard ISO 9001 which created the infrastructure for conducting continuous improvement 
process. The service of a NICU department is very complex due to the fact that in addition to treating the premature infant there 
is a very high involvement of the family members.  Naturally, the infant is unable to communicate and his/her parents are acting 
as the voice of the customer. Thus, the staff must take care on the family members' needs during the hospitalization of their child.  
This fact created the Service Concept of the department: our customer is the premature infant together with his parents. Thus, the 
concept's components include processes supporting this complex clinical environment as: Admission process controlled and 
measured by Yield measures (Medical Yield and Nursing Yield), family escorting process to support the family with updated data 
on a regular planned basis regarding the child clinical condition and training sessions prior to the child discharge. Special 
attention and control is given to the supply of food and liquids (pending on the child's clinical condition). Prior to discharge the 
parents get a special training session in order to smooth as much as possible the process of returning home and start their life in 
the community including the medical support  of the authorities outside the hospital. A computerized system was developed to 
support the management and control of all processes including a digital patient record. The various processes' Yields are 
presented to the staff (physicians and nurses) every month and a discussion is conducted to verify needed improvement and 
correction activities. Satisfaction surveys are conducted prior to discharge in order to get inputs regarding all the subjects related 
to the family's service perception while their child was hospitalized. Results show improvement of the various yield measures.
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1. Introduction
The service industry has grown to form the largest employment sector and share of gross domestic product for all 
major industrialized countries (Spohrer & Maglio, 2008) [1]. In order to achieve valuable service delivery, service 
organizations must develop supportive infrastructure so that the process of creating and delivering the service will 
be accomplished efficiently and effectively. Organizations must develop services that will meet customers' 
expectations, requirements, and demands, to be delivered when needed, to the complete satisfaction of the customer.
Recent studies have stated a pronounced interest of healthcare executives and practitioners in taking service
quality to a higher level, often adopting leading techniques in other industries. Therefore, a useful way to introduce 
the concept of managing service of special care units is to relate it to another well-known type of organizations, the 
management of manufacturing firms. Applying the lessons learnt by manufacturers' efforts to improve their 
production processes can be transferred to healthcare, thus reducing a patient length of stay, providing a higher 
quality of care, maintaining hospital sustainability and raising patients' satisfaction (Burge, 2008 [2]; Vitner, 2011
[3]).
Healthcare staff in recent years have adopted and implemented quality management methods to improve patient 
services. One approach is to comply with the framework defined by the international quality standard, ISO 9001. 
Certification in accordance with ISO 9001 demonstrates staff commitment to quality and customer satisfaction. This 
standard represents an international consensus on good management practices, which aims to ensure that staff can 
continuously deliver the product or service that: meets customer quality requirements and applicable regulatory 
requirements; enhances customer satisfaction; and continuously improves its performance as it pursues these 
objectives (ISO 9001, 2000) [4]. The ISO 9000 standard is exactly what healthcare professionals need to reduce 
iatrogenic injuries. McLean and Facs (2006) [5] claim that ISO 9000, as a TQM tool, represents a fundamental shift 
in ideas about healthcare quality. Like any TQM tool, ISO 9000 is designed to identify and correct organizational 
flaws. Klazinga (2000) [6] states that ISO9001 does not touch clinical process and addresses mainly managerial 
processes surrounding clinical decision making. Service management of special care units is the process of 
identifying and administering the activities needed to achieve the customer-driven objectives of the organization 
(Gryna et al., 2007) [7].
A manufacturer develops a product from scratch according to customer or market requirements. In healthcare this 
is not the case. The patient is a given person and the staff has to specify his or her requirements. Care planning 
should involve similar steps. Only now, material type, for example, concerns the patient’s physiological status and 
there are additional psychological and socioeconomic dimensions that should be considered.
An initial and critical issue must be discussed. Who is the "product"? Is the patient our customer, our product or 
both? Defining the specifications of a human being is complicated and tedious since there are multiple aspects. The 
variety of dimensions and characteristics is large and the range for each characteristic is high. In special care units it 
is even worse. In many cases the patient is unable to communicate, thus data is missing and product definition is not 
complete or not reliable. Once the product specifications are incomplete and unreliable it is a very complicated 
mission to treat this patient so that he or she return to the community to resume regular functioning with minimal 
length of stay and minimum costs.
In special care units the patient is the "product" while his family and friends are the "customer". The Committee 
on Pediatric Emergency Medicine of the American Academy of Pediatrics defines the patient and family – centered 
care as an approach to health care that recognizes the integral role of the family and encourages mutually beneficial 
collaboration and partnership among the patient, family, and health care professionals (Committee on Pediatric 
Emergency Medicine, 2007) [8]. Special care units may be related to Hi Tech organizations. These units usually 
operate the most advanced technologies and equipment. The random patient is the "product" to be tested, diagnosed 
and repaired, so that he or she may return to normal life in the community in the shortest time with minimum total 
costs.
In healthcare organizations it is common that the customer’s voice is filtered through a screen of the 
organization’s own internal concerns and needs (Chaplin & Terninko, 2000) [9]. In special care units, the voice of 
the customer can’t even be heard in most of the cases, due to the fact that the clinical situation does not allow any 
communication channels with the patient. It creates an objective problem as the organization itself defines the 
customer’s wants and needs while the customer is not involved and cannot give feedback. The organization designs 
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and implements the functions and processes to treat the patient; it creates the measurements to check performance 
and decides when the service is completed. The patient is a “black box” in an open loop system. Healthcare has 
evolved within a strong tradition of paternalism; the doctor or nurse knows what is best for the patient.
The purpose of this paper is to highlight the various aspects of systems engineering in healthcare focusing on the 
case of special care units. Chapter two elaborates: the subject of service engineering (service design, service 
concept, service specifications and service dominant logic), presents the NICU department, illustrates the service 
oriented process infrastructure and discuss process control and performance measurements. Chapter three brings 
some performance measurements, service satisfaction review and presents the computerized system supporting the
department's operation.    
2. Methodology
2.1. Service engineering
Service engineering design is concerned with systematically applying design methods and principles to the 
design of services.  It assumes the customer/user as the starting point or lens into a specific service, and considers 
how the service can be performed through the use of creative, human-centered and user-participatory methods 
models (Holmid & Evenson, 2008) [10]. Service design integrates the economic and strategic intent of an 
organization with the possibilities and means of performing a service with the desired qualities. They explore the 
human-centered approach to design for service innovation, aiming to create services that are useful, usable, 
desirable, efficient and effective. Service encounters can be designed to enhance the customer's experience during 
the process and their recollection of the process after it is completed (Cook, et al., 2002) [11]. The authors presented 
the human issues from the customer and the service provider vantage. Dahl et al. (2012) [12] introduces the concept 
of the Service Delivery System. The goal of the Service Delivery System is to understand how to produce efficient 
service delivery while still being attractive to customers. It seeks to provide the user with tools to ensure 
attractiveness of service design balanced with efficiently operating front and back offices.  With this in mind, the 
field of service engineering should focus on designing systems that involve customer inputs and interactions. Since 
customer inputs and interaction implies variation, service engineering should work toward designing robust systems 
that can function efficiently and effectively despite customer intensity and customer-induced variation (Salvendy & 
Karwowski, 2010) [13].The objective of service design is to add value by enhancing the efficiency, effectiveness and 
efficacy of older service systems and to create newer ones with requisite attributes (Katzan, 2011) [14]. The author 
defines service design as a discipline that seeks to facilitate the operation of the modern global economy that is now 
based on service. The necessary elements of service design are introduced and important concepts are identified. In 
services, the work often needs to be performed at the exact moment that the customer demands it. Therefore, a 
service business must have optimal resources available in terms of skill, skill level and experience, at the right time 
and at the right place. 
2.2. The NICU department
The study was conducted at the NICU of Hillel Yoffe medical center. Premature infants are born before the 37th 
week. At present, there are cases where babies born after 24 weeks may survive. In 2014, 422 infants, 70 under 
1,750gm, were admitted to the NICU. The average stay was 11 days, but in extreme cases a baby may stay up to 120 
days. There are 20 incubators in the department; six equipped for intensive care. Forty physicians, nurses, 
physiotherapists and social workers care for the premature and sick babies and their families. The NICU “customer” 
is more complex than others because it combines baby and parents. The department gets all medical and logistics 
support from hospitals various departments and units.
3402   Gad Vitner /  Procedia Manufacturing  3 ( 2015 )  3399 – 3405 
Fig. 1. NICU- service oriented process infrastructure
Fig. 1. NICU- Service oriented process infrastructure.
2.3. Service oriented process infrastructure
There are 28 processes divided into broader activities: core medical and hospital administrative and logistics 
support (Figure 1). Core medical services are the process chain from admission to discharge. Administrative 
processes, supporting NICU’s daily work and management, include: physician visiting; escorting families; shift 
change; nurse scheduling; and service satisfaction review. Performance measurements control ongoing managing 
efforts. Hospital administrative and logistics processes include: infrastructure maintenance; inventory management 
and purchasing; equipment calibration and maintenance; and information technology support. Process definition and 
documentation were completed by physician and nurse teams, presented to and approved by the Steering 
Committee.
2.4. Process control and performance measurement
Like in manufacturing organizations, it is recommended to develop a yield measurement of each stage in the 
treatment cycle. For example, the admission process yield (Yad) consists of using a predefined checklist. This 
checklist should contain personal, medical and administrative data. The admission yield is formulated in equation 1.
checklisttheinitemsofnumberTotal
lysuccessfulperformeditemsofNumberYad    (1)
The admission yield is an indicator of how effectively the admission process was conducted. Periodically 
observing these yield results and trying to understand what may be the causes for low yields, creates opportunities to 
improve the process.
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Fig. 2. NICU- admission process yield.
3. Results
3.1. Quality manual
The quality manual contains the NICU department’s 28 processes. Each process was documented according to a 
master document including definitions, process details, responsibilities and timing. Each process interfaces with 
working instructions that details specific activities (e.g. feeding procedure).
3.2. Computerized system
A computerized system included all processes and working instructions was developed. Every process interfaces 
with working instructions related to any stage and by clicking the keyboard it becomes available. Any form or file 
related to the hospital or the health ministry is available. In the department there are several computers, which every 
staff member may use any time. All staff members received a compact disk with the quality manual so they may 
study the details in their free time.
3.3. Performance measurements
The admission yield indicates how effectively the admission process was conducted. Periodically observing these 
yield results and trying to understand what may cause low yields, creates opportunities to improve the process. 
Figure 2 presents’ admission process yields and we can see that performance has improved since August 2012.
Other interesting examples are mobile incubator and resuscitation trolley yields. The resuscitation trolley is 
needed in emergency cases when there is a call for a neonatal expert either from the delivery room or from the 
operating room. The trolley should be fully equipped and ready for use 24 hours a day. To keep readiness at a high 
level, we decided to measure this yield. Figure 3, illustrating results over 12 months, shows a significant gap 
between day shifts and night shifts, so managers decided to assign a team to study the issue and recommend 
improvements.
Other measurements are based on infant daily chart verification processes using checkpoints such as whether all 
procedures were performed by nurses and therapists; etc, involved in the treatment.
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Fig. 3. NICU- mobile incubators/resuscitation trolley compliance yield.
3.4. Service satisfaction review
A satisfaction review was developed to get feedback from mothers and fathers. The survey is anonymous and 
takes place during the NICU discharge process. It covers all relevant aspects (17 questions using a 1-5 scale) related 
to the hospitalization period.Owing to family origins and to get the most reliable feedback, the satisfaction survey 
was available in three languages: Hebrew, Arabic and Russian. It enabled the department head to get objective 
information from families observing treatment and care over many days. Figure 4 presents satisfaction scores (a 
3,939 item average) for 2014. We can see that 66 percent items scored 4.8 to 5 (the highest score).
Fig. 4. NICU- satisfaction review results.
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4. Summary and conclusions
Service engineering is becoming a major corner stone in the design, development and operations of healthcare 
organizations. Special care units need even more attention similar to high-tech companies. The implementation of 
service engineering provides healthcare managers of intensive care units the ability to perform their operations in a 
very consistent and precise way while supplying their patients and families a proper treatment to comply with their 
expectations and to their best satisfaction. It supports the philosophy of service dominant logic based on the idea of 
Co-Creation of the service. The study presented in the paper illustrate the case of a NICU department that decided to 
reengineer its daily processes, approve it to the ISO 9000 standard and perform continues improvement actions. 
Performance measurements show an improvement of yield indicators and customers' satisfaction. This case is 
evidence that systems engineering methods, techniques and standards can be implementing not only in 
manufacturing organizations but it is suitable and fruitful in service organizations as special care units in hospitals.
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